smell of that food with the induced illness.
Training livestock to avoid poisonous plants has the potential of allowing livestock to use rangelands without risk of poisoning. Tall larkspur (Delphinium spp.), for instance, is a Micult poisonous plant to manage because it is widespread on mountain rangelands and is both palatable and acutely toxic to cattle. Management alternatives to reduce poisoning are limited.
Cattle apparently do not form natural aversions to larkspur. They have been observed to eat larkspur, get sick, recover and eat larkspur again (Marsh and Clawson, 1916; Pfister et al., 1988b) . Zahoric and Houpt (1977) stated that freeranging livestock have difficulty forming aversions to plants in the field, because they consume many plants over an extended grazing period and thus do not tend to associate an illness with a specific plant. Controlled feeding conditions are necessary to avoid interference between the taste of larkspur and the induced illness.
Cattle have been aversively conditioned to avoid grazing larkspur, and the aversion persisted for more than a year (Lane et aL, 1990) . Averted heifers abstained from eating larkspur while they remained as a separate group. However, when they were placed in a pasture with nonaverted heifers grazing larkspur, social facilitation (i.e., the presence of other animals facilitating the expression of a behavioral response; Weiss and Miller, 1971) caused the averted heifers to start eating larkspur and extinguished the aversion.
The objectives of this study were to verify that social facilitation can extinguish an aversion to larkspur in a group-feeding trial and to determine whether the aversion could be reinforced so that averted heifers would abstain h m eating larkspur when placed with nonaverted cohorts that were eating the plant in a pen-feeding trial and under field-gazing conditions.
Materials and Methods
Pen trials were conducted at the USDA-ARS Poisonous Plant Research Laboratory, Logan, UT. Larkspur (Delphinium barbey9 plants were collected intact on the Six-Mile allotment above Manti, UT, transported on ice to the Logan laboratory and kept fresh in moist soil in a walk-in cooler until fed to the animals. Larkspur was in the pod stage of growth. The same amount of larkspur plant material fed in previous experiments did not produce any visible signs of poisoning and did not create an aversion by itself when it was not paired with the aversive chemical.
Lithium chloride (LiCl) was chosen for the aversive agent because it rapidly induces gastrointestinal distress, it is not lethal, and it is available commercially3. Lithium chloride is as effective as larkspur alkaloid extract in creating and maintaining an aversion (Olsen and Ralphs, 1986 Seventeen yearling Hereford heifers (290 * 50 kg) with no prior exposure to larkspur were tamed and trained to eat from self-locking stanchions to allow for individual feeding. Partitions in the mangers blocked animals' views of each other. AU heifers were preconditioned to ensure that they would eat larkspur by placing a large number of erect larkspur plants in the pen for 3 d to allow the heifers to sample larkspur free choice in a group-feeding situation. The heifers then were tested to see if they consumed larkspur in individual stanchions. Five heifers refused to eat larkspur, even after a 48-h fast, and were dropped from the experiment. The remaining 12 heifers were randomly allocated into three groups: 1) control, 2) extinguish aversion and 3) strengthen aversion. Prior to the experiment, blind rumen fistulas were surgically installed (Olsen, 1979) , and catheters were inserted through the fistulas for intranuninal infusion of LiCl.
Conditioning. On the day before conditioning, the regular evening feed was withheld to ensure that the animals were hungry. The next morning, heifers were locked in individual stanchions and offered four stalks of fresh larkspur (about 120 g) for a 15-min period. Animals consumed the larkspur within 2 to 3 min. Heifers in Group 1 (control) were infused with water intraruminally. Heifers in Groups 2 and 3 were infused with LiCl (80 m a g B W in an 8% solution) immediately after they ate any larkspur. Regular feed (long-stem alfalfa hay) was withheld until evening to prevent animals from associating the induced illness with any food except larkspur. Conditioning was repeated five times at 2-or 3d intervals.
Larkspur consumption was quantified by estimating the amount of larkspur consumed as a percentage of that offered. Data were analyzed in a repeated-measures split-plot analysis of variance (ANOVA). Difference between p u p s was tested by the animal-within-group interaction; days and the day-by-group interaction was tested by the residual error. Where significant F-tests occurred, Fisher's Least Significant Differences test was used to sepa-rate means, and orthogonal polynomials were generated to describe larkspur intake of the individual groups.
Extinguish Aversion. Immediately after the conditioning trial, the aversion was extinguished in Group 2 by exposing the heifers to the influence of social facilitation (i.e., other animals eating larkspur) in paired-and group feeding situations. Averted heifers in Group 2 were not infused with LiCl if they ate larks^, thus, negative consequences were not associated with eating larkspur. Paired-and groupfeeding trials were conducted on the same day for four consecutive days. In the paired exposure, each heifer in Group 2 was randomly placed with a control heifer in an open pen and offered 20 stalks of larkspur (about 500 g). The heifers were observed, and the number of bites of larkspur was recorded to monitor the decline of the aversion. Larkspur consumed by averted heifers was expressed as a percentage of the nonaverted control heifer's bites. M e r the paired feeding each moming, all heifers in Groups 1 and 2 were placed together in a group and offered a large quantity of larkspur (about 2.5 kg) in place of the regular morning feed. We observed averted heifers to determine whether they ate larkspur, but consumption could not be quantified. The full daily ration of long-stem alfalfa was offered at noon each day. During the last 2 d of the extinction trial, the heifers were locked in individual stanchions after the paired-and groupfeeding, and their acceptance of larkspur in an isolated situation was measured as described in the conditioning trial.
Reinforce Aversion. The aversion was reinforced in Group 3 heifers by infusing LiCl whenever heifers consumed larkspur in a paired-or group-feeding situation. The same protocol was followed as described in the extinguish trial, except that the trial lasted 5 d and individual consumption was measured on the last 3 d of the trial. Consumption of larkspur by the extinction and reinforcement groups in the paired-feeding situation was compared in a repeated-measures ANOVA in a split-plot design as described in the conditioning trial. Orthogonal polynomials were generated to describe larkspur intake by the two groups over time.
Field-Grazing TriuZ. Group 1 (control) and Group 3 (reinforcement) heifers were taken to larkspur-infested rangeland to determine whether the aversion to larkspur would persist in a mixed-group grazing trial. The study site was on the Six-Mile allotment on the Wasatch Plateau (30'1 1' lat., 11 1'30' long.), 24 km east of Manti, UT, at 3,050-m elevation. A 1.4-ha pasture was fenced with temporary electric fence. Averted and control heifers were placed in the pasture on September 7 for a 6-d grazing trial. The species of plants grazed .
were quantified by scanning all heifers at 2-min intervals and recording the plant they were eating at that moment (Lehner, 1987) . The plants were grouped into classes of larkspur, other forbs, and grass. The heifers grazed as a group, and scan samples were taken whenever they were grazing during the day. Data were analyzed using a repeatedmeasures ANOVA in a split-plot design to compare the percentage of larkspur in diets between groups and over days.
Larkspur was mature and partially senescent during the trial. About half the leaves were still green and most of the seed pods were still succulent. Freezing temperatures and snow rapidly increased the rate of senescence chuing the trial. All heifers were reluctant to eat larkspur in the field. They preferred grass regrowth and small forbs (dandelion, aster) and consumed very little of the large robust larkspur plants. On d 2 of the trial, the size of the pasture was reduced to .6 ha in an attempt to force heifers to consume larkspur, but heifers in the control group still would not eat much larkspur. Control heifers were penned on the third night and fed hand-picked larkspur (averted heifers were left in the pasture). Control heifers readily accepted larkspur in the pen and continued eating it when they returned to the pasture for the last 3 d of the trial. Native cattle that were familiar with the subalpine grazing environment readily con- Following the field-grazing trial, heifers were returned to the laboratory in Logan and offered larkspur in individual stanchions and in groupfeeding trials to test for persistence of the original aversion. Lithium chloride was not administered when heifers ate larkspur in this phase of the study. Larkspur consumption in the individual stanchions was analyzed by repeated measures ANOVA in a split-plot design, comparing groups and days as in the conditioning trial. Averted heifers also were observed in the groupfeeding trial to determine whether they sampled larkspur.
Results

Conditioning.
Heifers in the extinction and reinforcement groups were averted to larkspur following one or two doses of LiCl (Table 1) . Mean larkspur consumption was significantly less (P = .0oO1) in the extinction and reinforcement p u p s compared with the control. There was a treatment x day interaction (P = .0007). The orthogonal polynomials (P c .06) indicated linear and quadratic declines in larkspur consumption over time by groups 2 and 3, respectively, as the heifers leamed to associate the illness with consumption of larkspur, whereas the control group consumed most of the larkspur offered. All heifers in the extinction Group 2 sampled various amounts of larkspur on d 2 of exposure and were infused with LiC1; thereafter, they abstained. One heifer in the reinforcement Group 3 sampled larkspur on d 2 and another sampled it on d 3. Each heifer was infused with LiCl. Heifers in Groups 2 or 3 did not consume larkspur during the last 2 d of the trial.
Extinguish Aversion. The aversion was extinguished in Group 2 heifers when larkspur consumption was not reinforced with the negative consequences of LiCl (Figure 1 ). All heifers in the extinction group sampled larkspur in the presence of a control heifer in the paired feeding situation. On d 1 of pairing, heifers in the extinction group sampled a small amount of larkspur (2 to 20 bites). On d 2, Reinforce Aversion. The aversion was reinforced in the paired-and groupfeeding situations by infusing Group 3 heifers with LiCl whenever they sampled larkspur. Bite counts of larkspur of Group 3 heifers differed (P = .OO01) from bite counts of heifers in Group 2 in the paired-feeding situation (Figure 1 ) .
When paired with a control heifer, all heifers in the reinforcement group sampled larkspur on d 1 (18 to 24 bites); they then were infused with LiCl. Two heifers sampled a small amount of larkspur in the groupfeeding situation on the d 4 (3 bites) and were infused with LiC1. The decline in consumption was described by linear and quadratic orthogonal polynomials (P c .01). When tested individually, all heifers in the reinforcement group abstained from eating larkspur ( Table 1) .
Field-Gran'ng Trial. Heifers were reluctant to eat larkspur at the beginning of the trial ( Table 2 ). Several heifers in the control and averted groups sampled small amounts during the first 3 d, but only one control heifer readily accepted it. After heifers in the control p u p were confiied and fed larkspur as their sole source of food, they readily ate larkspur in the pasture, Three averted heifers observed the nonaverted heifers eating larkspur and began to sample it on d 4; thereafter, consumption increased rapidly. No difference (P = .51) was found in percentage of larkspur plants grazed between groups. However, one averted heifer (number 93) refused to eat larkspur, even after the supply of alternative feed in the smaller pasture was depleted. In the preconditioning phase of the study, 5 of 17 heifers were dropped from the study because they refused to eat larkspur. The heifers retained in the study were amenable to eating larkspur and may have been more readily influenced by social facilitation in the novel environmental context.
Persistence Following Field-Grazing Trial. After the field-grazing trial, the persistence of the aversion was tested by offering heifers larkspur in the stanchions where they originally learned the aversion, and in the groupfeeding situation where the aversion was reinforced. The averted heifers did not eat larkspur in the individual stanchions for the first 2 d of the persistence trial (Table l), indicating that the association between larkspur and the induced illness was not forgotten. Three averted heifers sampled larkspur in the group-feeding trial (Table 3) . After 4 d, heifers 94 and 99 abstained and did not come to the manger when larkspur was fed Heifer 00 continued to sample larkspur and finally extinguished the aversion. A significant (P = .001) animal-within-treatment interaction was found in larkspur consumption among heifers in the stanchions. Heifer 00 was the only averted heifer to consume larkspur in the individual stanchions (Table. 3). She ate larkspur tentatively at first, but when adverse consequences from the LiCl reinforcement were not forthcoming, she accepted larkspur and consumed all that was offered. Heifer 93 refused to eat larkspur in the field and did not consume larkspur in the stanchions or groupfeeding persistence trial. Control heifers consumed all the larkspur offered.
Dlscusslon
Social Facilitation. Food aversions can persist over extended periods when the averted food is presented to livestock individually or within the averted p u p (Olsen and Ralphs, 1986; Thorhallsdottir et al., 1987; Lane et al., 1990) . However, aversions were extinguished by the influence of social facilitation when averted animals were placed with nonaverted animals that were eating the food and negative consequences did not follow consumption (our data group 2; Lane et al., 1990) . Food avoidance learning is impaired by the presence of other animals (Zajonc, 1965) . The sights and sounds of others eating stimulates the conditioned animal to participate. Gustavson and Gustavson (1985) reported that raccoons preying on chickens were aversely conditioned when they consumed &ad chickens containing LiC1. The aversion effectively was generalized to live chickens and persisted 8 mo. However, when their kits were exposed to Live chickens, the kits killed the chickens and began eating them. Within 30 min, averted adults began eating the chickens kiued by the kits; subsequently they returned to killing chickens. Gustavson and Gustavson (1985) also reported that frenzied competition for food among New Guinea wild dogs prevented them from forming aversion to thiabendazole-laced lamb meat.
Larkspur aversion was reinforced in Group 3 heifers to overcome the influence of social facilitation while they remained in the pentrainjng environment. They abstained drom eating larkspur in the presence of control heifers that were readily eating larkspur in the paired-and group-feeding pen trials. The aversion was extinguished in the field, but it resumed in three of four heifers when they were retumed to the original pen where the aversion was created. Reinforcement of aversion to overcome social facilitation may be successful while animals remain in an environment similar to the training environment where the aversion was created.
Context of Learning. A learned response may not be as strongly expressed, or may not be expressed at all, in a context different from the m e in which it was learned (Balsam, 1985; Miller and Schachtman, 1985) . We aversely conditioned cattle to avoid eating larkspur under controlled conditions in a pen and reinforced this aversion in the presence of nonaverted peers. Although the aversion was extinguished in the field, it was renewed when the heifers were returned to the pen and the original environment in which the aversion was learned. Archer et al. (1985) reported a similar response in rats. Aversion to a saccharin solution persisted in the training environment, but it was extinguished when the rats were moved to a new environment. However, the aversion was renewed when the rats were r e m e d to the original training environment. Other studies also have demonstrated the renewal of a learned response when animals return to the original environment in which the response was learned (Welker and McAuley, 1978; Cunningham, 1979 ; Bouton and Bolles, 1985). This phenomenon indicates that the tastefillness association is not forgotten. Several theories have been proposed to explain this renewal (Rescorla and Heath, 1975; Bouton and Bolles, 1985; Miller and Schachtman, 1985) . Familiarity with the Environment and the Feed. The problem of how to generalize the aversion from the pen to the field remains.
Familiarity with the environment and novelty of the food are conflicting requirements in learning aversions and generalizing them to the field. Mitchell et al. (1975) reported that rats familiar with an environment formed strong aversions to novel items. Rats did not learn aversions to novel items in a less familiar environment. Retention of the aversion like wise may depend on familiarity with the environment. Our heifers were not familiar with the subalpine grazing environment where the aversion was tested. Animals unfamiliar with a grazing environment must learn to distinguish between a host of unfamiliar plants that differ in palatabiity, nutritional value and toxic constituents. They depend on other animals for cues as to what is acceptable (Provenza and Balph, 1987) . Apparently, social facilitation influenced the inexperienced heifers in our study more than did the aversion to larkspur in an unfamiliar &razing environment.
Novelty of a food also is an important factor in forming an aversion (Rosin and Kalat, 1971; Nachman et al., 1977; Testa and Temes, 1977) . A novel taste stimulus elicits an orienting response to a new food (Garcia et al., 1985) . The greater the intensity and uniqueness of the taste, the stronger the association with the induced illness and the resulting aversion (Nachman et al., 1977) . Reexposure to the food without its inducing illness gives the food a "learned safety" status (Kalat and Rosin, 1973; Kalat, 1977; Randich and Ross, 1985) that must be unlearned or overcome to form an aversion. Lubow et al. (1976) sought to resolve this paradox between familiarity with the environment and novelty of the food. They hypothe sized that learning is stronger if either the stimulus or the environment is novel relative to the other. That is, the aversion is stronger if a novel food is presented in a familiar environment, or if a familiar food is presented in a novel environment. Kruz and Levitsky (1982) tested this hypothesis and found that the aversion of rats to specific foods was strongest when a novel food was presented in a familiar environment, but that no aversion was created when a familiar food was presented in a novel environment. In the latter case, rats associated the illness with the novel environment rather than with the familiar food. Resenting a novel food in a novel environment or a familiar food in a familiar environment resulted in moderate aversions.
We propose two alternative approaches based on this theory to create and generalize an aversion from the controlled pen situation, where the aversion is learned, to the field where the potential toxicity problem exists.
The first approach would be to avert young native animals that are familiar with the subalpine environment. Although larkspur may not be totally novel to them, their food preferences are still malleable. Aversions to familiar foods can be learned (Kruz and Levitsky, 1982; Gustavson and Gustavson, 1985) . The aversion could be strengthened in the pen by dosing heifers with LiCl whenever they sample larkspur in a group-feeding situation. The heifers would learn that even though others are eating larkspur, they will get sick if they eat it. Being familiar with the subalpine environment, they should not be influenced as much by social facilitation while grazing with nonaverted animals. The second approach would be to avert animals totally unfamiliar with the subalpine environment or with larkspur, and graze them separately for the first year. This procedure would capitalize on the strength of the association between a novel food and the induced illness. It would allow the heifers to become familiar with the grazing environment without the influence of social facilitation from other animals and to develop food preferences that would not include larkspur as part of their diets.
Both approaches probably would result in a moderate aversion according to the stated theory (i.e., a familiar food in a familiar environment or a novel food in an unfamiliar environment). It would be difficult in this situation to create a strong aversion (i.e., a novel food in a familiar environment) because native animals will be familiar with larkspur and naive animals will be unfamiliar with the environment. Both of the proposed approaches will be tested lmpllcatlons The lush, tall fox% vegetation community of the subalpine mountain zone is one of the most productive (quality and quantity of forage) areas on mountain rangelands. Unfortunately, tall larksplr is a dominant species in this community. Incidence of cattle deaths from larkspur poisoning is high, and delaying grazing until larkspur declines in toxicity results in loss of forage and nutrients as associated plant species mature. If cattle could be effectively conditioned to avoid eating larkspur, those productive ranges could be grazed early in the season when the vegetation is higher in nutrients. Several obstacles (social facilitation, generalizing the aversion from the pen to the field, optimum age of conditioning, a practical emetic and method of administration) must be overcome before this practice can be applied Literature Cited
